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BENZMPAZOLE DERIV ATIVBiS, COMPOSITIONS CONTAININ G 
THEM. PREPARATION THEREOF AND USES THEREO F 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The invention is related to therapeutic compounds which are CB] receptor 
tigands, phannaceutical compositions containg tiiese compounds, manufacturing 
processes thereof and uses Ifaereof, and more particularly to compounds that are CBi 
recq3tor agonists. More particularly, the present invention is related to conq[)ounds 
that may be effective in treating pain, cancer, multiple sclerosis, Paikinson's disease, 
Huntington's chorea, Alzheimer's disease, anxiety disorders. Gastrointestinal 
disorders and cardiavascular disorders. 

15 2. Discussion of Relevant Technology 

Pain management has heea an important field of study for many years. It has 
been well known tiiat cannabinoid receptor (e.g., CBi reotptoty CB2 receptor) ligands 
including agonists, antagonists and inverse agonists produce relief of pain in a variety 
of animal models by interacting vn&x CBi and/or CB2 receptors. Generally, CBi 
20 receptors are located predominately in the central nervous systCTo, whereas €62 

. receptors are located primarily in the periphery and are primarily restricted to the cells 
and tissues derived fix>m die immune system. 

While CBi receptor agonists, such as A^-tetrahydrocannabinol (A^-THC) and 
anadamide, are useful in anti-nociception models in animals, they tend to exert 
: - . 25 undesired CNS side-effects, e.g., psychoactive side effects, the abuse potential, drug 
: depmdence and tolerance, etc. These undesired side effects are known to be 

mediated by the CBi receptors located in There are lines of evidence, however, 
suggesting that CBI agpnists acting at peripheral sites or with limited CNS exposure 
can rnanage pain in himians or aniinals with imich improved overaU in vivo p^ 
30 Therefore, there is a need fbr new CBi receptor ligands such as agonists, 

y *: anta^nists or inverse agonists that are useful in managing pain or treating other 

' * ' : related symptoms or diseases witii reduced or minimal undesirable CNS side-effects. 
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DISCLOSURE OF THE INVENTION 

The preset invention provides CB] recqptor ligands which are useful in 
treating pain and olher related symptoms or diseases. 

5 Definitions 

Unless specified otherwise wifliin fliis specification, Ihe nomenclature used in 
Ifais specification generally follows the exanq[>les and niles stated in Nomenclature of 
Organic Chemistry, Sections A, B, C A E, F, and H, Per^mon Press, Oxford, 1979, 
which is incorporated by references herein for its exemplary chemical structure names 
10 and rules on naming chemical structures. Optionally, a name of a compound may be 
generated using a chemical naming program; ACD/ChemSketch, Version 
S.09/September 200U Advanced Chemistry Developmeut, Inc., Toronto, Canada. 
"C3i/CB2 receptcnrs** means CBi and/or CB2 receptors. 
Tlie term "Conn" or "Cm-n group" used alone or as a prefix, refers to any group 
15 having m to n carbon atoms, and havmg 0 to n multivalent heteroatoms selected fiom 
O, S, N and P, wherein m and n are 0 or positive integers, and t£>m. For example, 
^C\^ would refer to a chemical groxq) having 1 to 6 caifoon atoms, and having 0 to 6 
multivalent heteroatoms selected fix>m O, S> N and P. 

The temi ^liydrocarbon" used alone or as a suffix or prefix, refers to any 
20 stmcture comprising only carbon and hydrogen atoms iq;> to 14 carbon atoms. 

The term ^'hydrocarbon radical*' or 'liydrocaibyr used alone or as a sufBx or prefix, 
refers to any structure as a result of removing one or more hydrogens fix>m a 
hydrocarbon. 

The term "allcyr* used alone or as a su£Gx or prefix, refers to monovalent 
25 straight or branched chain hydrocarbon radicals comprising 1 to about 12 carbon 

atoms. Unless otiierwise specified, "allg^r general includes both saturated alkyl and 
unsaturated alkyl. 

The term "alkylene" used alone or as suffix or prefix, refers to divalent 
strai^t or branched chain hydrocarbon radicals comprising 1 to about 12 carbon 
30 atoms, which serves to Imks two stmctures togefli^. 

The term "alkenyl" used alone or as suffix or prefix, refers to a monovalent 
strai^t or branched chain hydrocarbon radical having at least one carbon-carbon 
double bond and comprising at least 2 up to about 12 carbon atoms. 
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The team ""alkynyrused alone or as sufBx or prefix, refers to a monovalent 
straight or branched chain hydrocarbon radical having at least one carbon-caibon 
triple bond and comprising at least 2 up to about 12 carbon atoms. 

The term ^'cycloalky V used alone or as sufSx or prefix, refers to a 
5 monovalent ring-containing hydrocarbon radical comprising at least 3 up to about 12 
carbon atoms. 

The term ^*cycloaIkenyr' used alone or as su£E[x or prefix, refers to a 
monovalent ring-containing hydrocarbon radical haviiig at least one carbon-carbon 
double bond and con^sing at least 3 up to about 12 carbon atoms. 
10 Thetenn**cycloalkynyrusedalon6orassufiSxorprefix»referstoa 

monovalent ring-containing hydrocarbon radical having at least one carbon-carbon 
triple bond and conq)rising about 7 up to about 12 carbon atoms. 

The term ''aryl'* used alone or as suffix or prefix, refers to a monovalent 
hydrocarbon radical having one or more polyunsaturated carbon rings having 
15 aromatic character, (e.g. , 4n + 2 delocalized electrons) and composing 5 up to about 
14 carbon atoms, wherein the radical is located on a carbon of die aromatic ring. 

The term **non-aromatic group" or "non-aromatic" used alone, as suffix or as 
prefix, refers to a chemical group or radical that does not containing a ring having 
aroiiiatic character (eg;, 4n + 2 delocalized electrons). 
20 The term "arylene** used alone or as sufiSx or prefix, refers to a divalent 

hydrocarbon radical having one or more polyunsaturatod carbon rings having 
aromatic character, (eg., 4n + 2 delocalized electrons) and comprising 5 up to about 
14 carbon atoms, which s^es to links two stmctures togettier. 

The term ^eterocycle** used alone or as a suffix or prefix, refers to a ring- 
25 containiiig structure or molecule having one or more multivalmt heteroatoms, 
' . independently selected fiximN,0,P and S, as a part ofthe ring stmcture and 

-[*^ including at least 3 and up to about 20 atoms in the ring(5). Heterocycle may be 

/ :^ saturated or unsaturated, containing cme or more double bonds, and heterocycle may 

, . contain more than one ring. When a heterocycle coiitains more tiian oiie rmg, the 

30 rings may be fused or unfused. Fused rings genmdly refo to at least two rings share 
" " * two atoms therebetween. Heterocycle may have aromatic character or may not have 

aromatic character. 
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The tenn "heteroalkyl" used alone or as a suffix or prefix, refers to a radical 
formed as a result of replacing one or more carbon atom of an alkyl with one or more 
hetwoatoms selected ftom N, O, P and S. 

The term ••heteroaromatic" used alone or as a suffix or prefix, refers to a ring- 
5 containing structure or molecule having one or more multivalent hetereatoms. 
independently selected fromN, O, P and S, as apart of the ring structure and 
inchiding at least 3 and up to about 20 atoms in the ring(s), wherein the ring- 
containing structure or molecule has an aromatic character (e.g.. 4n + 2 delocaUzed 
electrons). 

10 The term "heterocyclic group," "heterocyclic moiety," "heterocycHc." or 

"heterocyclo" used alone or as a sufBx or prefix, refers to a radical derived from a 
h^crocycle by removing one or more hydrogens therefirom. 

The term "heterocyclyl" used alone or as a suffix or prefix, refers a 
monovalent radical derived from a heterocycle by removing one hydrogen from a 
15 carbon of a ring of the heterocycle. 

The term "heterocyclylene" used alone or as a suffix or prefix, refers to a 
divalent radical derived from a heterocycle by removing two hydrogens therefrom, 
which serves to links two structures together. 

The term 'lieteroaryr used alone or as a sufBx or prefix, refers to a 
20 heterocyclyl having aromatic character, wherein the radical of the heterocyclyl is 
located on a carbon of an aromatic ring of the heterocyclyl. 

The term "heterocylcoalkyl" used alone or as a suffix or prefix, refers to a 
heterocyclyl that does not have aromatic character. 

The term "heteroarylene" used alone or as a sufBx or prefix, refers to a 
25 heterocyclylene having aromatic character. 

The term "heterocycloalkylene" used alone or as a sufBx or prefix, refers to a 
heterocyclylene diat does not have aromatic character. 

The term "six-membered" used as prefix refers to a group having a ring that 

contains six ring atoms. 
30 The term "five-membered" used as prefix refias to a group having a ring that 

contains five ring atoms. 

A five-membered ring heteroaryl is a heteroaryl with a ring having five ring 
atoms wherein 1, 2 or 3 ring atoms are independently selected from N, O and S. 
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Exemplary five-membered ring heteroaryls are thiehyl, fiiryl, pym)lyl, 
imidazolyl, thiazolyl, oxazolyl, pyrazolyl. isothiazolyl. isoxazolyl. U,3-triazolyl. 
tetrazolyU U^thiadiazolyl, 1,2,3-oxadiazolyl, l,2,4-tria2olyl, 1.2.4-thiadiazolyl. 
1 A4-oxa<liazolyl. 1,3,4-triazolyl, 1.3.4-thiadiazolyl, and 1,3,4- oxadiazolyl. 
5 ' Asix-memberedringheteroarylisaheteroaiylwitharinghavingsixring 

atoms wherein 1, 2 or 3 ring atoms are independently selected from N, O and S. 

Exemplary six-membered ring heteroaryls are pyridyU pyrazinyl. pyrimidinyl, 

triazinyl and pyridazinyL 

The term "substituted" used as a prefix refers to a structore, molecule or 

10 group, wherein one or more hydrogens are replaced with one or more 

C-ijhydrocarbon groups, or one or more chemical groups containing one or more 
heteroatoms selected from N, O, S. F. CI, Br, 1, and P. Exemplary chemical groups 
containing one or more heteroatoms include heterocyclyl, -NO2, -OR, -CI, -Br. -I, -F 
-CF3, -C(=0)R, -C(=0)OH. -NH2, -SH, -NHR, -NRj, -SR, -SO3H, .SO2R, -S(=0)R, 

15 CN. -OH, -C(=0)OR, -C(=0)NR2, -NRC(=0)R, 0x0 (=0), imino (==NR). thio (=S), 
and oximmo (=N-OR), wherein each "R" is a Cizhydrocarbyl. For example, 
substituted phenyl may refer to nitrophenyl, pyridylphenyl, methoxyphenyl, 

chlorophenyl, aminophenyl, etc., wherem the nitro, pyridyl, methoxy, chloro, and 
amino groups may replace any suitable hydrogen on the phenyl ring. 
20 The term "substituted" used as a suffix of a first structure, molecule or groiq? 

followed by one or more names of chemical groups refers to a second stoichire. 
molecule or group, which is a result of replacing one or more hydrogens of the first 
structure,' molecule or group with the one or more named chemical groups. For 
example, a "phenyl substituted by nitro" refers to nitrophenyl. 
25 The term "optionally substituted" refars to botti groups, structures, or 

molecules that are substitoted and those that are not substituted. 

Heterocycle includes, for example, monocyclic heterocycles such as: 
aziridine, oxirane, thiirane, azetidine, oxetane. tiiietane, pyiroUdine, pyrroline, 
imidazolidme, pyrazolidine, pyrazoline, dioxolane, sulfolane 2,3-dihydrofiiian. 2,5- 
30 dihydrofiiran tetrahydrofiiran, thiophane, piperidine, 1,2,3,6-tettahydro-pyridnie, 
piperazine, morpholine, thiomorpholine, pyran. thiopyran, 2,3-dihydropyran, 
tetrahydropyran, 1,4-dihydropyridine, 1,4-dioxane, 1,3-dioxane, dioxane. 
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homopqjeridine. 2.3.4.7-tetrahy«Jro-l//-azepine homopiperazine, 1 .3-dioxepane. 4.7- 
dihydto-l,3-dioxepin. and hexamethylene oxide. 

In addition, heterocycle includes aromatic heterocycles, for example, pyridine, 
pyrazine. pyrimidine, pyridazine, thiophene, fuian, fiirazan, pyrrole, imidazole, 
5 tfaiazole, oxazole. pyrazole. isothiazole, isoxazole. 1,2,3-triazole, tetrazole, 1,2,3- 

thiadiazole, 1 A3-oxadiazole. 1 A4-triazole, l,2.4.thiadiazole, 1.2,4-oxadiazole. 1.3,4- 
triazole, 1,3.4-thiadiazole, and 1^,4- oxadiazole. 

Additionally, heterocycle encompass polycyclic heterocycles, for example, 
mdole, indoline, isoindoline, quinoline, tetrahydroquinoline, isoquinoline, 
10 tetrahydroisoquinoline. l,4-ben2odioxan, conmarin, dihydroconmarin, benzoforan, 
23-dihydrobenzofuran. isobenzofuran, chromene, chroman, isochroman, xanthene, 
phenoxalhiin, thianthrene. indoUzine, isoindole. indazole, purine, phthalazine, 
naphlhyridine, qninoxaline, quinazoline, cinnoline, pteridine, phenanthridine. 
perimidine, phenanfhioUne, phenazine, phenothiazine, phenoxazine, 1> 
15 benzisoxazole, benzothiophene, benzoxazole, benzthiazole, benzimidazole, 
benztriazole, thioxantbine, caibazole, caiboline, acridine, pyrolizidine. and 
quinolizidine. 

In addition to the polycycUc heterocycles described above, heterocycle 
includes polycyclic heterocycles wherein flie ring fusion between two or more rings 
20 incbides more than one bond common to both rings and more than two atoms 

common to both rings. Examples of such bridged heterocycles include quiniicUdtoe, 
diazabicyclo[2.2.1]heptane and 7-oxabicyclo[2.2.1]heptane. 

Heterocyclyl includes, for example, monocyclic heterocyclyls, such as: 
aziridinyl, oxiranyl, thiiranyl, azetidinyl. oxetanyU thictanyl, pyrroUdinyl, pyrrolmyl, 
25 imidazolidinyl. pyrazolidinyl, pyrazolinyl. dioxolanyl, sulfolanyl, 2,3-dihydiofiiranyl, 
2,5-dihydrofuranyl, tetrahydrofiinmyl, thiophanyl, piperidinyl, 1,2.3,6-tetrahydro- 
pyridinyl. piperazinyl, morpholinyl, thiomorphoUnyl, pyranyl, thiopyranyl. 2,3- 
dihydropyranyl,tetrahydropyranyl, 1.4.dihydropyridinyl, 1,4-dioxanyl. U-dioxanyl, 
dioxanyU homopiperidinyl. 2,3,4,7-tetrahydro-l«-azepinyl, homopiperazinyl, U- 
30 dioxepanyl, 4,7-dihydro-l,3-dioxepinyl, and hexamethylene oxidyL 

In addition, heterocyclyl includes aromatic heterocyclyls or heteroaryU for example, 
pyridmyl. pyrazinyl, pyrimidinyl, pyridazinyl. thienyl, fiiryl, fiirazanyU pynolyl, 
imidazolyU thiazolyl, oxazolyUpyrazolyl, isothiazolyl, isoxazolyl, 1 A3-triazolyl, 
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tetrazolyl, U,3-thiadiazolyU 1 A3-oxadiazolyl. 1,2.4-triazolyl, U,4.thia(iiazolyi. . 
lA4-oxadiazolyl, 1,3.4-triazolyl, U.4-tiuadiazolyl. and U.4 oxadiazolyL 

Additionally, heterocyclyl encompasses polycyclic heterocyclyls (including 
both aromatic or non-aiomatic), for example, indolyl, indolinyl, isoindolinyl. 
5 quinolinyl, tetrahydioquinolinyl, isoquinolinyl, tetrahydroisoquinolinyl, 1,4- 
benzodioxanyl, coximarinyl, dihydrocoumarinyl,benzofuranyl, 2,3- 
dihydrobenzofiiranyl, isobenzofiiranyl, chromenyl, chromanyl, isochromanyl, 
xanthenyl, phenoxathiinyl. thianthrenyl, indolizinyl, isoindolyl, indazolyl, purinyl, 
pWhalazinyl, naphthyridinyl, qvdnoxalinyU quinazolinyl, cinnolinyl, pteridinyl, 
10 phenanthridinyl. perimidinyl, pbenanthrolinyl, phenazinyl, phenothiazinyl, 

pbenoxazinyl. U-benzisoxazolyl. benzothiophenyl, benzoxazolyl, benzthiazolyl, 
benzimidazolyl, benztriazolyl, thioxanthin^ carbazolyl, carbolinyl, acridinyU 
pyiolizidinyl, and quinolizidinyl. 

In addition to the polycycUc heterocyclyls described above, heterocyclyl 
15 includes polycycUc heterocyclyls wherein the ring fusion between two or more rings 
includes more than one bond common to both rings and more than two atoms 
common to both rings. Examples of such bridged heterocycles include qoinuclidinyl, 
diazabicyclo[2.2.1]heptyl; and 7-oxabicyclo[2^.1]heptyl. 

The term "alkoxy used alone or as a sufBx or prefix, refers to radicals of the 
20 general formula -O-R, wherein -R is selected from a hydrocarijon radicaL Exemplary 
alkoxy includes methoxy, ethoxy, propoxy, isopropoxy. butoxy. t-butoxy, isobutoxy, 
<^lopropyhnethoxy, allyloxy, and propaigyloxy. 

The term "aryloxy" used alone or as suffix or prefix, refers to radicals of the 
general formula -O-Ar, wherein -Ar is an aryl. 
25 The term "heteroaryloxy" used alone or as suffix or prefix, refers to radicals of 

the graieral formula -O-Ar", wherein -Ar* is a heteroaryL 

The term "amine" or "amino" used alone or as a suffix or prefix, refisrs to 
radicals of &e general formula -NRR% wh«ein R and R' are independently selected 
from hydrogen or a hydrocarbon radical. 
30 " Acyl" used alone, as a prefix or suffix, means -C(=0)-R, wherein -R is an 

optionally substituted hydrocarbyl, hydrogen, amino or alkoxy. Acyl groups inchide, 
for example, acetyl, propionyl, benzoyl, phenyl acetyl, carboetiioxy, and 
dimethylcarbamoyL 
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Halogen includes fluorine, chlorine, bromine and iodine. 
"Halogenated," used as a prefix of a group, means one or more hydrogpns on 
tilie group is replaced with one or more halogens. 
"RT' or "rt" means room temperature. 
5 A first ring group being "fused" with a second ring group means the first ring 

and the second ring share at least two atoms therebetween. 

"Link," "linked," or "linking," unless otherwise specified, means covalently 
linked or bonded. 

When a first group, structure, or atom is "directiy connected" to a second 
10 gmup. structure or atom, at least one atom of the first group, strocture or atom forms a 
diemical bond with at least one atom of the second group, structure or atom. 

"Saturated carbon" means a carbon atom in a structure, molecule or group 
wherein all the bonds connected to this carbon atom are single bond. In other words, 
there is no double or triple bonds connected to this carbon atom and this carbon atom 
15 generaUy adopts an atomic orbital hybridization. 

"Unsaturated carbon" means a carbon atom in a structure, molecule or group 
wherein at least one bond connected to this carbon atom is not a single bond. In other 
words, there is at least one double or triple bond connected to this carbon atom and 
Ihis carbon atom genetaUy adopts a ^ or atomic orfjital hybridization- 
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peacriotion nf Preferred F.mbodiments 

In one aspect, the mvention provides a compound of formula I, a 
phaimaceutically acceptable salt thereof, diastereomers. enantiomers. or mixtures 
thereof: 




25 



wfaerdn 

R" and R*^ are independently C,.6alkyl substituted by one or more groups 
selected fiom -F. -CI, -Br. -NOz. -CN, -OH, -CHO. -C(=0)-R' and -OR. wherein R' is 
30 aCi.salkyl; 
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Z is selected fixjm 0= and S=; 

R' is selected from Cic^U Cz.ioalkenyl. Qt-ioalkynyl. R^'^-CMaDcyl. 
R'O-Cm alkyU R'C(=0)N(-RV,^lcyl. R'R*NS(=0)2-Ci^alkyU r'CS(=0)2N(-RV 
C^lkyl. R3R'^C(=0)N(-R*)-C,^jalkyl, R'R^S(«0)2N(R^-C,-6alkyl, Q^ioaiyl- 
5 C,45alkyl. C6.ioaryl-C(=«0>C,.6alkyl. Cs-iocycloalkyl-CMalkyl, C4.8cycloalkenyl- 
C,.6alkyl, Cs-fiheterocyclyl-C^alkyl. C3-6heterocyclyl-C(=0)-C,^alkyl, R'R^-, 
R'O-. R'C(=0)N(-RV, R'R*NS(=0V. R'CS(=0)2N(.R^, R^^C(=0)N(-R^)-, 
rVNS(=0)2N(R')-, C6.,oaryl. C6.ioaryl-C(=0)-, Cwocycloalkyl, C4-8cycloalkenyl. 
Ca^eterocyclyl and C3-6heterocyclyl-C(=0)-; wberein said Cwoalkyl, Cz-ioalkenyl, 
10 Cwoalkynyl, Cs-ioaryi-C^alkyl, C6.,oaryl-C(=0)-C,.6alkyl. Cj-iocycloalkyl-C^salkyl, 
C4^cycloalkenyi-Ci^kyl. Cj^eterocyclyi-C.^alkyl. C3^eterocyclyl-C(0)- 
Ci-ealkyl, C.iohydrocarbylamino, Cc-ioaryl, C6-ioaryl-C(=0)-, Ca-iocycloalkyl, 
C44jcycloalkenyl, Cj^eterocyclyl or C3^eterocyclyl-C(=0)- used in defining R' is 
optionally substituted by one or more groups selected from halogen, cyano, nitro, 
15 methoxy, ethoxy, methyl, ethyl, hydroxy and amino; 

R^ is selected from the group consisting of Ci-ioalkyl, Ca-ioalkenyl, 
C^oalkynyl, Ca-iocycloalkyl. Cj-iocycloalkyl-C^salkyl, C«cycloalkenyl-C,^lkyl, 
C3^eterocycloalkyl-C,^alkyl, C4^cycloalkenyl, R'R"^-, Cs-sheteroaryl. Cg-toaryl and 
Cs^eterocycloalkyl, wherein said Ci-joalkyl, C2-ioalkenyl, C2-ioalkynyl, 
20 C34(cycloalkyl, Cs-jcycloalkyl-Ci-salkyl, C4^ycloaIkenyl-C,4ialkyl, 

Ca^iheterocycloalkyl-C-ealkyl. C44icycloalkenyl, Ca-sheteroaryl, Ce-ioaryl or 
Cs^heterocycloalkyl used in defining R^ is optionally substituted by one or more 
groups selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, 
and R'K'N-; and 

25 K\ R* and R^ are independently selected from -H, Ci^lkyl, Cz^alkenyl, Cj. 

«alkynyl, and a divalent Ci^ group that together with another divalent C^group 
selected from R', R* and R^ forms a portion of a ring. 

Particularly, the compounds of the present invention are those of fomiula 1, 
30 wherein 

R" and R'^ are independraitly selected from -CF3, -CH2CF3, -CH2CHF& 
-CHFCF3, -CHFCHF2. -CHFCH2F, -CF2CF3, -CF2CH3, -CF2CH2F, -CF2CHF2, -CF3, 
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^^a3.-CH2CHCl2. -CH2CBr3..CH2CHBr2, -CH2N02,.CH2a^ 
-CHjOfcCN, and -CH2CH2OCH3; 

Z is 0=; J 
R' is selected from C^aDcyl, Q^lkenyl, C2.6allcynyl, R^R^-CMalkyl, R O- 
5 Ci^lkyU R=»C(=0)N(-R^-C,.,alkyl. phenyl-CMalkyl, phenyl-C(=0)-CMalkyl, 
C3.»ocycloalkyl-CMalkyl. Co^cycloaHcenyl-CMalkyl, Cs^iheterocyclyl-C^alkyl. 
C3^eterocyclyl-C(=0)-C.^alkyl, R^. R'O-, R^R^S(=0V, Ce.,oaryl. Q.,oaryl- 
C(=0)-. Ca-iocycloalkyU C4.6cycloalkenyl. Cj^eterocyclyl and Cj^eterocyclyl- 
C(=0>; wherein said C.-ealkyl, Cwalkenyl. Ca^alkynyl, phenyl-CMalkyU phenyl- 
10 C(=K))-C,u»alkyl, Cs-iocycloalkyl-CMalkyl. C4^cycloalkenyl-Cj^alkyl, C3- 

«heterocyclyl-C,^alkyl, C3^eterocyclyl-C(=0)-Ci^alkyl, Ca-ioaiyl, C6-ioaryl-C(=OK 
Cj-iocycloalkyU C4.6cycloalkenyl. Cj-sheterocyclyl or C3^eterocyclyl-C(=0)- used in 
defining R' is optionaUy substituted by one or more groups selected from halogen, 
cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and R^R^s 
15 R^ is selected from the group consisting of Ci^alkyl, Cj-ealkenyl, 

Cs^cycloalkyl. Ca^cycloalkyl-CMalkyl, C4^cycloalkenyl-CMalkyl, 
C3.6heterocycloalkyl-C,.»alkyl, C^cycloalkenyl, Cj-sheteroaryl, R'rV-, phenyl and 
C3.6heterocycloalkyI, wherein said Ci^lkyl. Cj-ealkenyl, Cs^cycloalkyl, 
Cs^cycloalkyl-CMalkyl, C«cycloalkenyl-Ci^alkyl, C3-6heterocycloalkyl-C..,aIkyl. 
20 C«cycloalkenyU C3-5heteroaryl, phenyl or C3^eterocycloalkyl used in defining R^ 
is optionally substituted by one or more groups selected from halogen, cyano. nitro, 
methoxy, ethoxy, methyl, ethyl, hydroxy, and R^*Ns and 

r' and R" are independently selected from -H, Ci-salkyl and Ca<alkBnyl. 

25 More particularly, the compounds oftfae present invention are those of 

formula I, 

wherein R**' and R"^ are independently selected from -CF3, -CHbCTs, 
-CH2CHF2, -CHFCF3, -CHFCHF2, -CHFCH2F, -CF2CF3, -CF2CH3, -CF2CH2F, - 
CF2CHF2,and-€F3; 
30 Z is O; 

R» is selected from d-ealkyl, Ca^alkenyl. R'R'N-, R'K^-Ci^iallcyl, R'O- 
CMalkyl. R'C(=0)N(-RVCi-4alkyl, phenyl-C^alkyi, phenyl-C(-0)-Ci-4alkyI, 
C3.,ocycloalkyl-C,.4alkyl, C4^cycloalkenyl-C,w,alkyl, C3^eterocyclyl-C,.»al!cyl, 
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C3^eterocyclyl-C(=0>C,.,aIkyl, phenyl, CMocycloalkyl, Ca^eterocyclyl and 
C3^eteiocyQlyl-C(=0)-; wherein said Ci^alkyU Ca^alkenyl, R'R'^-C.^jalkyl, R'O- 
CMaDcyU R3C(=0)N(-R''>Cwalkyl, phenyl-C^alkyl, phenyl-C(=0)-CMalkyl, 
C3.iocycloalkyl-C,^alkyl, C«cycloalkenyl-C,.^, Ca^eterocyclyl-Ci^alkyl, 
5 C3.<iheterocyclyl-C(=0)-Ci-4alkyl, phenyl. Cs-iocycloalkyl, Ca^iheterocyclyl or 

C34iheterocyclyl-C(=0)- used in defining R* is optionally substituted by one or more 
groups selected ftom halogen, cyano, nitro. methoxy, ethoxy, methyl, ethyl, hydroxy 
andRVN-; 

R* is selected ftom the group consisting of Ci.<aUQrl, Cs^cycloalkyl, R'R'^N-, 
10 C3^1oalkyl-Cj.^l. C3^eterocycloalkyl-Ciu,alkyl, Cj-eheterocycloalkyl, 
Cs-sheteroaryl, and phenyl wherein said Ci-ealkyl, Cs^cycloalkyl, Cs^cycloalkyl- 
Ciuialkyl, Cs-fiheterocycloalkyl-CMalkyl, Cs-eheterocycloalkyl, Ca-sheteroaryl, and 
phenyl used in defining R=* is optionally substituted by one or more groups selected 
fiom halogen, cyano, nitro, melhoxy. ethoxy, methyl, ethyl, hydroxy and R^R'^-; and 
15 R^ and R* are independently selected fipom -H, C i^alkyl and C2^alkenyl. 

Most particularly, die compounds of the present invention are those of formula 

I, wherein 

R^andR'^are-CHaCFa; 
Z is 0=; 

20 R' is selected fiom cyclohexyhnethyl, cyclopentyhnethyU cyclobutylmethyl, 

cyclopiopylmethyl, ethyl, propyl, adamantyl, adamantyhnethyl, allyU isopentyU 
benzyl, methoxyefliyl, tetrahydropyranyhnethyl, cyclohexyloxy, cyclohexylammo, 
dimethylaminoethyl,4-pyridytaiethyl, 2-pyridyhnethyl, 1-pyrrolylethyl. l- 
morpholinoethyl, cyclohexyhnethyl, 2-pyrroUdylmehtyl, N-methyl-2- 

25 pyrroUdylmethyl, 2-piperidylmethyl, N-methyl-2-piperidylmethyl, 3-thienylmethyl, 2 
tetrahydrofiiranylmethyl, (2-nitrothiophene-5-yl)-methyl, (l-methyHH-imidazole-2- 
yl)methyl, (5-(acetoxymethyl>2-ftiryl)methyl), (2,3-dihydro-lH-isomdole-l- 
yl)mediyl, and 5-(2-methylthiazolyl); and 

r2 is selected from t-butyl, n-butyl, 2-methyl-2-butyl. cyclohexyl, 

30 cyclohexyhnethyl, n-pentyl, isopentyl, N-piperidyl, dimethylamino, phenyl, pyridyl, 
tetrahydrofuranyl, tetrahydropyranyl, 2-me<hoxy-2-propyl andN-morpholinyl. 



101102-1 



It wiU be understood that when compotirids of the present invention contain 
one or more diiial centers, the oomponnds of Ae invention may exist in, and be 
isolated as, enantiomeric or diastereomeric forms, or as a racemic mixture. The 
present invention includes any possible enantiomers, diastereomers, racemates or 
5 nuxtnicsfhereof;ofacom«)OundofFormulaI. TheopticaUyactivefoimsofthe 

compound of the invention may be prepared, for example, by chiral chromatographic 
separation of a racemate, by synthesis from opticaUy active starting materials or by 
asymmetric synthesis based on the procedures described thereafter. 

It will also be appreciated that certain compounds of the present invention may 
10 exist as geometrical isomers, for example E and Z isomers of aUcenes. The present 
invention includes any geometrical isomer of a compound of Formula I. It will 
farfljer be understood that the present invention encompasses tautomers of the 
ccMoapounds of the formula L 

It will also be understood that certain compounds of the present invention may 
15 exist in solvated, for example hydrated. as well as unsolvated forms. It wfll further be 
understood that the present invention encompasses aU such solvated forms of the 
compounds of the formula I. 

Within the scope of the invention are also salts of the compounds of the 
formula I. Generally, pharmaceutically acceptable salts of compounds of the present 
20 invention may be obtained using standard procedures well known in the art, for 

exainple by reacting a sufficiently basic compound, for example an alkyl amine with a 
suitable acid, for example, HCl or acetic acid, to afford a physiologically acceptable 
anion. It may also be possible to make a correspondmg alkaU metal (such as sodmm. 
potassium, or lithium) or an alkaline earth metal (such as a calcium) salt by treating a 
25 compound of the present invention havmg a suitably acidic proton, such as a 

carboxyUc acid or a phenol with one equivalent of an alkaU metal or alkaline ear* 
metal hydroxide or alkoxide (such as the e&oxide or meflioxide), or a suitably basic 
organic amine (such as choline or meglumine) m an aqueous medium. foUowedby 

conventional purification techniques. 
30 Inone embodiment, decompound of formula I above may be converted to a 

phaimaceutically acceptable salt or solvate thereof, particuterly. an acid addition sah 
such as a hydrochloride, hydrobromide. phosphate, acetate, fimaaiate, maleate, 
tartrate, citrate, methanesulphonate or/>-toluenesulphonate. 
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We have now*found that the compounds of the invention have activity as 
- plianiiaceuticals. ik particular as modulators or ligands such as agonists, partial 
agonists, inverse agonist or antagonists of CBl receptors. More particularly, the 
compounds of the invention exhibit selective activity as agonist of the CBl receptors 
5 and are useful in therapy, especially for relief of various pain conditions such as 
chronic pain, neuropathic pain, acute pain, cancer pain, pain caused by rheumatoid 
arthritis, migraine, visceral pain etc. This list should however not be interpreted as 
exhaustive. AdditionaUy, compounds of the present invention are usefal in other 
diseasestatesinwhichdysfunctionofCBl receptors is present or implicated. 
10 Furthermore, the compounds of the invention may be used to treat cancer, multiple 
sclerosis, Parkinson's disease, Huntington's chorea, Alzheimer's disease, anxiety 
disorders, gastrointestinal disorders and cardiavascular disorders. 

Compounds of the invention are use&l as immunomodulators, especially for 
autoimmune diseases, such as arthritis, for sldn grafts, organ transplants and simito 

15 surgical needs, for coUagen diseases, various aUergies, for use as anti-tumour agents 

and anti viral agents. 

Compounds of the invention are useful in disease states where degeneration or 
dysfimction of opioid receptors is present or implicated in that paradigm. This may 
involve the use of isotopically labelled versions of the compounds of the invention in 
20 diagnostic techniques and unaging appUcations such as positron emission tomography 
(PET). 

Compounds of the invention are usefid for the treatmeut of dianhoea, 
depression, anxiety and stress-related disorders such as post-tiaumatic stress 
disorders, panic disorder, generalized anxiety disorder, social phobia, and obsessive 

25 compulsive disorder, urinary incontinence, premature ejaculation, various mental 
ilhiesses. cough, lung oedema, various gastro-intestinal disorders, e.g. constipation, 
fimctional gastrointestinal disorders such as Lritable Bowel Syndrome and Functional 
Dyspepsia, Paridnson's disease and other motor disorders, tranmatic brain injury, 
stroke, cardioprotection following miocardial inferction, spinal injury and dn^ 

30 addiction, including the treatment of alcohol, nicotine, opioid and other drug abuse 
and for disorders of tiie sympatiietic nervous system for exanqile hypertension. 

Compounds of the invention are useM as an analgesic agent for use during 
g^eral anaestiiesia and monitored anaesthesia care. Combinations of agents witii 



different properties are oftea used to achieve a balance of effects needed to maintain 

the anaesthetic state (e.g. anmesia, analgesia, muscle relaxation and sedation). 

Included in this combination ate inhaled anaesthetics, hypnotics, anxiolytics, 

neuromuscular blockers and opioids. 
5 Also within the scope of the invention is the use of any of the compounds 

according to Ae formula I above, for the manufacture of a medicament for the 

treatment of any of the conditions discussed above. 

A fiirther aspect of the invention is a method for the treatment of a subject 

sui^g from any of the conditions discussed above, whereby an effective amount of 
10 a compound according to the formula I above, is administered to a patient in need of 
such treatment. 

Thus, the invention provides a compound of foraiula I, orphaimaceutically 
acceptable salt or solvate thereof, as hereinbefore defined for nse hi therapy. 

m a further aspect, the present invention provides the use of a compound of 
15 formula I, or a pharmaceutically acceptable salt or solvate diereo^ as hereinbefore 
deflned in the manufacture of a medicament for use in tfierapy. 

In the context of the present specification, the term "therapy" also includes 
"prophylaxis" unless Aere are specific indications to the contrary. The term 
"therapeutic" and "therapeutically" should be contrued accordingly. Hie term 
20 "therapy" within the context of the present invention fordwr encompasses to 

administer an effective amount of a compound of the present mvention, to mitigate 
eitiier a pre-existing disease state, acute or chronic, or a recurring condition. This 
definition also encompasses prophylactic therapies for prevention of recurring 
conditions and continued dierapy for chronic disorders. 
25 The compounds of the present invention are use&l in therapy, espedatty for 

tiie therapy of various pain conditions mcludmg, but not limited to: acute pain, 
chronic pain, neuropathic pain, acute pam, back pain, cancer pain, and visceral pain. 

In use for therapy in a warm-blooded animal such as a human, the compound 
of die mvention may be administered m the form of a conventional pharuMceutical 
30 composition by any route including oraUy. intramusculariy, subcutaneously, topically, 
intranasally, intraperitoneally. intrathoraciaUy, mtravenously, epidurally, 
intrathecaUy, intracerebroventricularly and by injection into the joints. 
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In one embodiment of Ae invention, the route of administration may be oiaUy, 
intr^voiously or intramuscularly. 

The dosage will depend on the route of administration, the severity of the 
disease, age and weight of the patient and other fectors normally considered by the 
attending physician, when determining the individual regfanen and dosage level at the 
most £?>propriate for a particular patient 

For preparing pharmaceutical compositions firom tiie compounds of this 
invention, inert, phannaceuticaUy acceptable carriers can be eitiier solid and liquid. 
Solid form preparations mdude powders, tablets, dispersible granules, capsules, 

cadi^, and sui^sitories. 

A solid carrier can be one or more substances, which may also act as diluents, 
flavoring agents, solubUizers, lubricants, suspending agents, binders, or table 
disintegrating agents; it can also be an encapsulating material. 

In powders, flie carrier is a finely divided soUd, which is in a mfacture witii the 
finely divided compomid of tiie invention, or the active component. In tablets, the 
active component is mixed witii tiie carrier having tiie necessary bmding properties in 
suitable proportions and compacted in tiie shape and size desired. 

For preparing suppository compositions, a low-melting wax such as a mixture 
of fetty acid glycerides and cocoa butter is first melted and tiie active ingredient is 
dispersed tiierein by. for example, stirring. The molten homogeneous mixture in tiien 
poured into convenient sized moulds and allowed to cool and soUdify. 

Suitable carriers are magnesium carbonate, magnesium steaiate, talc, lactose, 
sugar, pectin, dextrin, starch, tragacantii, metiiyl cellulose, sodium carboxymetiiyl 
cellulose, a low-melting wax, cocoa butter, and the like. 

The term composition is also intended to include tiie formulation of tiie active 
component witii encapsulating material as a carrier providing a capsule in which tiie 
active component (with or witiiout oflier carriers) is surrounded by a carrier which is 
flius in association with it. Similarly, cachets are included. 

Tablets, powders, cachets, and capsules can be used as soUd dosage forms 
suitable for oral administration. 

Liquid form compositions include solutions, suspensions, and emulsions. For 
example, sterile water or water propylene glycol solutions of tiie active compounds 
may be liquid preparations suitable for parenteral administration. Uqmd 
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compositioiis can also be formul^ in solution in aqueous polyethylene glycol 
solutioxL 

Aqueous solutions for oral administration can be prepared by dissolving the 
active component in water and adding suitable colorants, flavoring agents, stabilizers, 
5 and thidsening agents as desired. Aqueous suspensions for oral use can be made by 
dispersing Ae finely divided active component in water together with a viscous 
material such as natural synthetic gums, resins, methyl cellulose, sodium 
caiboxymethyl ceUulose. and other suspending agents known to the phannaceutical 
formulation art 

10 Depending on die mode of administration, the phannaceutical composition 

will preferably include ftom 0,05% to 99%w (per cent by weight), more preferably 
fiom O.IO to 50%w, of the compound of the invention, aU percentages by weight 
being based on total composition. 

A therapeutically effective amount for the practice of the present invention 
15 may be determined, by the use of known criteria including the age, weight and 
. response of the individual patient, and interpreted within the context of the disease 

which is being treated or which is being prevented, by one of ordinary skills inthe art 

Within the scope of the invention is the use of any compound of formula I as 
defined above for the manufecture of a medicament 
20 Also within the scope of the invention is the use of any con^und of formula I 

for the manufacture of a medicament for die therapy of pain. 

Additionally provided is the use of any compound accordmg to Formula I for 
the manufacture of a medicament for the therapy of various pain conditions inctading. 
but not limited to: acute pam, chronic pain, neuropathic pain, acute pain, back pain, 
25 cancer pain, and visceral pain. 

A forther aspect of the invention is a method for therapy of a subject suffering 
fiom any of the conditions discussed above, whereby an effective amount of a 
compound according to the formula I above, is administered to a patient in need of 
such therapy. 

30 Additionally, there is provided a pharmaceutical composition comprising a 

compound of Formula I, or a pharmaceuticaUy acceptable salt thereof; in association 
with a pharmaceuticaUy acceptable carrier. 



I 
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Particvaarly, there is provided a phannaceutical composition comprising a 
compound of Fonnnla I. or a pharmaceuticaUy acceptable salt thereof, in association 
witii a pharmaceuticaUy acceptable carrier for therapy, more particularly for therapy 
of pain. 

5 Further, there is provided a pharmaceutical composition con^sing a 

. compound of Formula I. or a pharmaceuticaUy acceptable salt thereof, in association 
with a pharmaceuticaUy acceptable carrier use in any of tiie conditions discussed 
above. 

In a further aspect, the present invention provides a metiiod of preparing Ae 
10 compounds of the present invention. 

In one embodiment, the invention provides a process for preparing a 
compound of fonnula I, 




15 

comprising the st^ of reacting a compound of formula n, 

s 

witii a compound of R?C(=0)-X to fbma the compound of fimnula I, 
20 wherein 

and R.*^ are independently selected ftom -CF3, -ClfcCFs, -CHzCHFi, 
-CHFCFj, -CHFCHF2, -CHFCH2F, -CF2CF3, -CF2CH3. ^2CH2F, -CF2CHF2. and 
-CF3: 

Z is selected from 0°> and S^; 
25 Xisselectedfirom-Cl,-Br,-I,-OH,-OCH3,and-OCH2CH3; 

R' is selected from C,.«alkyl, Cz^iaUcenyl. R'R'^-C,.4aUcyl, R'0-C,^1, 
R'C(-0)N(-R'*)-C,.4aUcyl, phenyl-CMalkyl, phenyl-C(0)-Ci.4aUcyl, Cj-iocycloaUcyl- 



* ..... . 

CMalkyl, G4^scycloalkaiyl-Ci^alkyl, Cj^eterocyclyl-CMaikyl. Cs^iheterocyclyl- 
C(=0)-CMalkyl, phenyl, Cj-iocycloalkyl, Cj^eterocyclyl and Ca^heteiocyclyl- 
C(=0)-; wherein said C.^alkyi, Cz^lkenyl, R'R'*N-CMalkyl, r'0-C,^1. 
R'C(=0)N(-R'VCi^alkyl, phenyl-CMalkyl,phenyl-C(=0>Ci^alkyl, Cwocycloatkyl- 
C^alkyl, C4^ycloalkenyl-CMalkyi,C3-*eterocyclyl.CMalkyl, Cj^eterocyclyl- 
C(=0)-C,.4alkyl, phenyl, Ca-tocycloalkyl, Cj^eterocyclyl or C3^eterocycl^-C(=OV 
used in defining R* is optionally substituted by one or more groups selected fix>m 
halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and rVN-; 

R^ is selected ftom the group consisting of Ci-ealkyi, Ca-scycloalkyi, rVN-, 
CMoycloalkyl-CMalkyU Ca-sheterocycloalkyl-Ci^alkyl. Ca-fiheterocycloalkyl, 
Ca-sheteroaiyl, and phenyl wherein said C^alkyU Cs^cycloalkyl, Cj^cycloalkyl- 
Ci^alkyl, Cj^eterocycloalkyl-Ci^alkyl, CwheterocycloalkyU Cj-sheteroaryl, and 
phenyl used in defining R^ is optionally substituted by one or more groups selected 
ftom halogen, cyano, nitro, methoxy, ethoxy. methyl, ethyl, hydroxy and R^*N-; and 
R' and R" are independently selected from -H, Ci^lkyl and C2^alkettyl. 

Particularly, Ihe present invention provides a method of preparing a compound 
of formula I, 

wherem r" and R*^ are -CHjCFs; Z is 0=; X is CI or Br; 

r' is selected from cyclohexyUnethyU cyclopentyfanethyl, cyclobutyhnetiiyl. 
cyclopropyhnethyl, ethyl, propyl, adamantyl, adamantyhnethyl, allyl, isopentyU 
benzyl, methoxyethyU tetrahydropyranylmethyl, cyclohexyloxy, cyclohexylamino, 
dimethylaminoethyl,4-.pyridyhnethyl,2-pyridyhnethyl, 1-pyrrolylethyl, 1- 
morpholinoethyU cyclohexylmethyl, Z-pyrrolidylmehtyl, N-methyl-2- 
pyrrolidytaiethyl, 2-piperidytaiethyl, N-methyl-2-piperidylmethyl, 3-thienylmethyl, 2- 
tetrahydrofiiranyhnethyl, (2-nitrothiophene-5-yl)-methyl, (l-methyl-lH-imidazolc-2- 
yl)methyl, (5-(acetoxyme1hyl>2-fiiryl)mefliyl), (2,3-dihydro-lH-isoindole-l- 
yl)methyl, and 5-(2-methylihiazolyl); and 

r2 is selected from t-butyl, n-butyl. 2-methyl-2-butyl, cydohexyl, 
cyclohexylmethyl, n-pentyl, isopentyl, N-piperidyl, dimethylamino, phenyl, pyridyU 
tetrahydrofuranyl, tetiahydropyranyl. 2-methoxy-2-propyl andN-morplioUnyl. 
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Conqwunds of the present invention maybe prepared accoi^ 
syttflietic ^tes as dq»icted in Scheme 1 using one or more methods disclosed above. 

Scheme 1 



HO 



NO, 



1) SOCI2 , solvent e.g. CH2CI2 

2)(F3CCH2)2NH, 
base, e.g. IPrgNEt 
solvent e.g. CH2CI2 



F3C-' ^NHR^ 



stovent, e.g. EtOAc 



1) R2C0CI. 

base. e.g. Et3N. 

solvent, e-g. 1.2-dlchloroethane, 

orR^COaH. 

base, e.g. iPrsNEt, 

coupling agent. e.g. HATU, 

solvent 

2) Solvent, e.g. AcOH. 
add, e.g. HCl. 
heating. 50-200«C 



protio solvent, e.g. EtOH 
heating (50-120OC) 



F.C' "^HR- 



fV and R^ are as deflried at>ovB. 



Compound 1 : R^ » cydohexylmethyl; R^ = t-butyl. 



Biological Evaluation 

hCB| and bCBo recepto r binding 

Human CB| receptor from Receptor Biology (hCBl) or human CB2 «ceptor 
from BioSignal (hCB2) membranes are thawed at 37 <*C, passed 3 times through a 25- 
gange blunt-end needle, diluted in the cannabinoid binding buffer (50 mM Tris, 2.5 
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mM EDTA, 5 mtA MgCl^, and 0.5 mg/mL BSA fetty acid ftee, pH 7.4) and aUqu6ts 
CQntaihirig <lie appropriate ahiount of protein are distributed in 96-weU plates. Hie 
ICso of the compounds of the invention at hCB, and hCBa are evaluated firom 10-point 
dose-response curves done with 'H-CP55,940 at 20000 to 25000 dpm per well (0.17- 
5 0.21 nM) in a final volume of 300 jil. The total and non-specific bmding are 

determined in the absence and presence of 0.2 jiM of HU210 respectively. The plates 
are vortexed and mcubated for 60 minutes at room temperature, filtered through 
Unifiltere GF/B (presoaked in 0.1% polyethyleneimine) with the Tomtec or Packard 
harvester using 3 mL of wash buffer (50 mM Tris, 5 mM MgCb, 0.5 mg BSA pH 
10 7.0). Tlie filters are dried for 1 hour at 55 "C. Tlie radioactivity (cpm) is counted in a 
TopCount (Packard) after adding 65 jilAvell of MS-20 scintiUation Uquid. 

hCB f and hCTU OTPyS bindine 

Human CB, receptor from Receptor Biology (hCBl) or human CB2 receptor 
15 membranes (BioSignal) are thawed at 37 »€. passed 3 times through a 25-gauge 
blunt-end needle and diluted m the GTP/S binding buffer (50 mM Hepes. 20 mM 
NaOH, 100 mM NaCl, 1 mM EDTA. 5 mM MgCh, pH 7.4, 0.1% BSA). The EC50 
and Em« of the compounds of the invention are evaluated fix)m 10-point dose- 
response curves done m 300^1 with the appropriate amount of membrane protein and 
20 100000-130000<^mofGTPg''SperweU(0.11-O.14nM). The basal and maximal 
stimulated binding is determined m absence and presence of 1 ^iM (hCB2) or 10 jiM 
(hCB,) Win 55,212-2 respectively. The membranes are pre-incubated for 5 minutes 
with 56.25 jiM (hCB2) or 1 12.5 jiM (hCBi) GDP prior to distribution in plates (15 
|iM (hCB2) or 30 ^M (hCB.) GDP final). The plates are vortexed and incubated for 
25 60 minutes at room temperature, filtered on Unifilters GF/B (presoaked in water) with 
the Tomtec or Packard harvester using 3 ml of wash buffer (50 mM Tris, 5 mM 
MgCla, 50 mM NaCU pH 7.0). The filters are dried for 1 hour at 55 The 
radioactivity (cpm) is counted in a TopCount (Packard) after adding 65 jil/weU of 
MS-20 scintiUation liquid. Antagonist reversal studies are done in the same way 
30 except that (a) an agonist dose-response curve is done in the presence of a constant 
concentration of antagonist, or (b) an antagonist dose-response curve is done to the 
presence of a constant concentration of agonist. 



101102-1 

Based on the above assays, the dissociation constant (Ki> for a partiaUw 
compound of the invention towards a particular receptor is determined ming ti^^ 

following equation: 

Ki = IC5o/(l+[radl/Kd), 
5 Wherein IC50 is the concentration of the compound of the invention at wWch 

50% displacement has been observed; 

[tad] is a standard or reference radioactive Ugand concentration at Aat 

moment; and 

Kd is «ie dissociation constant of lie radioactive Ugand towards the particutor 
10 receptor. 

Using above-mentioned assays, the Ki towards human CB, receptors for 
compound 1 of the invention is measured to be about 34 nM. The Ki towards human 
CB2 receptors for compound I of the invention is measured to be about 33 nM. 



15 EXAMPLES 

The invention wiU further be described in more detaU by the following 
Examples which describe methods whereby compounds of the present invention may 
be prepared, purified, analyzed and biologicaUy tested, and which are not to be 
20 construed as limiting the invention. 



Example 1 

2^rf-Butyl-lKcyclohexylmethyl)-W-bis(2^^trifluoroethyl)-lH- 
benziniidazole-5-carboxanude 




25 

Step A. 2^ert-Butyl-HcyclohexyImethyl)-Ar^-bis(2^,2^fluoroethyl)-lfl^ 
bendmidaztrie-S-carboxainide 
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3-Animo^[(cyclohexylmefliyl)ainino>W-bis(2^>tri^^ (102 
mg, 0^48 mmol) (for piepaiation. see the following steps B, C and D) was dissolved 
in 3 mL of DCE contaimng TEA (0.050 mL, 0.372 mmol). Trimethylacetyl chloride 
5 (0.035 ml^ 0.272 mmol) was add^^ddropwise and Resolution stirred at rt for 1^ 

Glacial AcOH (1 mL) and a few drops of concentrated HCl were added and the 
solution stirred at 75''C for 24h. The resulting mixture was concentrated. The residue 
was dissolved in EtOAc and washed with 2M NaOH, brine and dried over anhydrous 
MgS04. The solvent was evaporated. The product was purified by a reversed-phase 

10 HPLC using 20-80% CH3CN/H2O and then lyophilized affording the title product as 
the corresponding TTA salt. Yield: 51 mg (35%). »HNMR(400MHz.CD3OD)8 
1.23 (m. 9H). 1.66 (m. 8H). 1.75 (m, 2H), 2.1 1 (m, IH), 4.35 (brs, 4H). 4.47 (d, J = 
7.62Hz. 2H), 7.61 (dd. J = 1-56. 8.79Hz, IH). 7.79 (s, IH). 8.01 (d. J = 8.59Hz, IH); 
MS ^SO (M+H)* 478.2; Anal. Calcd for C23H29N3OF6 + 1.2 TFA + 0.8 H2O: C. 

15 48.52; H. 5.10; N, 6.68. Found: C, 48.62; H, 5.19; N, 6.56. 



StepB. 4-intaoro-3-nltro-N,AM>is(2^>trinuoroefliy01>e 



4-Fluoro-3-nitn)benzoic acid (2.50 g, 13,5 mmol) was lefluxed in a 2:1 mature of 
20 CH2Cl2/SOCl2(150mL)for5h. The solvent was concentrated and the residue was 
dissolved in CH2CI2 (50 mL). Anofter CH2CI2 solution (50 mL) of 
diisopropylethylamine (DIPEA) (3.50 mL. 20.3 nunol) andbis(2,2> 
trifluoroethyDamine (4.90 g. 27.0 mmol) was dien added dropwise to the cold stirring 
solution (0°C)ofthe acid chloride. The solution was stirred at rt overnight The 
25 solution was tiien washed witii 5%KHS04 solution, saturated NaHCOs solution, 
brineanddriedoveranhydrousMgS04. The crude product was purified by flash 



i 
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chromatography using 3:1/ hexanes:£tOAc to afford the title product. Yield: 3.08 g 
(66%). *H NMR (40ft MHz, CpClj) S 4.17 (brs, 4H), 7.40 (t. J « 8-59Hz, IH), 7.66 
(m, 2H), 8. 10 (d, J = 6.84Hz, IH). 

5 StepC. 44(CydohexyImeihyl)aiitino)-3Hnltro-iV^^ 
trifluoroetihyObenzamide 




4-nuoro-3-nitio-iSr,iV'4>is(2,2,2-trifhioroethyl)bei^^ (107 mg, 0.307 mmol) and 
cycloheTcylmetfaylamine (O.OSO mL, 0.368 mmol) were stirred in 3 mL of EtOH 

10 containing TEA (0.065 mL, 0.460 mmol) at 7SX for 3h. The mixture was 

concentrated. The residue was re-dissolved in EtOAc and washed with 5% KHSO4 
solution, saturated NaHCXH solution, brine and dried over anhydrous MgS04. The 
title product was purified by flash chromatography using 9:1/ h»anes:EtOAc. Yield: 
1 13 mg (83%). ^H NMR (400 MHz, CDCk) 8 1.05 (m, 2H), 1.24 (m, 4H), 1.69 (m, 

15 2H), 1 .75 (m, 2H), 1.83 (m, IH), 3.17 (t, J « 6.64Hz, 2H), 4.23 (q, J = 8.53 Hz, 4H), 
6.91 (d, J « 8.98 Hz. IH), 7.51 (d, J « 8.89 Hz, IH), 8.28 (s, IH), 8.39 (s, IH). 



Step D* 3-Amino-4-I(GydohexyImethy0anuno]-iV'^-bis(2^ 
trifluoroetfayI)be]izandile 




4-[(Cyclohexylmediyl)aznino]-3-mtro-i\r,;^^ (1 10 

mg, 0.249 mmol) was dissolved in 15 mL of EtOAc containing a catalytic amount of 
10%Fd/C. The solution was shaken in a Parr hydrogenation apparatus under H2 
atmosphere (40 psi) overnight at rt. The solution was filteied througji Celite and the 
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solvent concentrated. n,e title product was used directly for the next step wittoat 
furtherpurification. Yield: I02mg(99%). MS (ESI) (M+H)* 411.9. 
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What is claimed is: 

1. A compound of fonnula I or a phannaceutically acceptable salt thereof: 



DF2 'V^N 



RP2 



5 I 

virhex&a 

r''' and R*^ are independently C^lkyl substituted by one or more groups 
selected from -F. -CU -Br. -NOa. -CN. -OH. -CHO. -C(=0)-R' and -OR', wherein R' is 
aCi-salkyl; 
10 Z is selected from 0= and S=; 

R' is selected from Ci.ioalkyl, Cz-ioalkenyl, Ca-ioalkynyl, R^'*N-C,^lkyl, 
R'O-C,^ alkyl. R'C(=0)N(-R^C,^alkyl. R^R'^S(=0)2-C,-6alkyl, R'CS(=0)2N(-RV 
Ci^l, R'RVC(=0)N(-R')-C,^alkyi, R^'^S(=0)2N(R^)-C,^alkyl, Cg-ioaryl- 
C,.«alkyl, C6.ioaryl-C(=0>C,^alkyl, Cs-iocycloalkyl-C^alkyl, C44cycloalkenyl- 
15 Ci^lkyl, Cvsheterocyclyl-Ci^alkyU C3^eterocyclyl-C(=0)-Ci^alkyl, 

R'O-, R'C(=0)N(-RY. R'R'^S(=0V, R'CS(=0)2N(-R*)-, R^^C(=0)N(-R')-. 
R'R^NS^QaNCEl')-, Cs-ioaryl, C6.ioaryl-C(=0)-, Cj-tocycloalkyl, C4.8cycloalkenyl, 
Cs^eterocyclyl and C3^eterocyclyl-C(=0)-; wherein said C.oalkyl. Cz-ioalkenyl, 
C2.,oaIkynyl, Cwoaryl-C-fialkyl, C6-,oaryl-C(=0).C,.6alkyl. Cwocycloalkyl-C^lkyl, 
20 C«cycloalkenyl-C,^alkyl, Ca-eheterocydyl-CeaHcyl. C3-6heterocyclyl-C(=0)- 
Ci^alkyl, Ci-iohydrocarbylamino, Cwoaryl, C<i-joaiyl-C(=0)-, Cs-iocycloaHcyl, 
C4^cycloa!kenyl, Cj^eterocyclyl or C^6heterocyclyl-C(=0)- used in defining R* is 
optionally substituted by one or more groups selected from halogen, cyano, mtro, 
methoxy, efhoxy, methyl, ethyl, hydroxy, and R'R*Ns 
25 R^ is selected from the group consisting of Cj-joalkyl, Ca-ioalkenyl, 

Cwoalkynyl, Cj-iocycloalkyl, Cj-iocycloalkyl-Ci^lkyl, C4-gcycloalkenyl-Ci.«alkyl. 
Cj^iheterocycloalkyl-C^alkyl. C4^cycloalkenyl, R^R^-, Cj-sheteroaryl, C^ioaryl and 
Ca^eterocycloalkyl. wherein said Ci.ioalkyl. Cz-ioalkenyl, Ca-ioalkynyl, 
C3.iocycloalkyl. C3-iocycloalkyl-Ci.6alkyl, CA-gcycloalkenyl-Ci^ealkyl, 
30 Cj^eterocycloalkyl-Cwalkyl, C4.Bcycloalkenyl, Cs-sheteroaryl, Ciwoaryi or 
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Cj^eterocyoloalkyl used in defining R2 is optionally substituted by one or more 
groups selected ftom halogen, cyano, nitco. methoxy. ethoxy. methyl, ethyl, hydroxy 
andR^'*N-;and 

and R* and are independenfly selected from -H, Ci.6alkyl, Ca^jalkenyl. Cj. 
5 salkynyl, and a divalent group that together with another divalent C wgroup 
selected ftom R^ and R* forms a portion of a ring. 

2. A compound as claimed in claim 1, wherein 

r''' and R^ are independently selected from -CF3, -CH2CF3, -CH2CHF2, 
10 -CHFCFs. -CHFCHF2. -CHFCH2F, -CF2CF3, -CF2CH3, -CF2CH2F. .CF2CHF2. -CFj. 
<;H2CCl3.-CH2CHCla, -CHaCBti, -CHaCHBra, -CH2NO2, -CH2CH2NO2. -CHzCN, 
-CH2CH2CN, and -CH2CH2OCH3; 

ZisO=; J 
R' is selected from CMalkyl, C2-6alkenyl, Cz-ealkynyl. RVN-Ci^jalkyl, R O- 
15 CMalkyU R^C(=0)N(-RVCi-4alkyl, phenyl-C^alkyl, phenyl-C(=0)-C,.4alkyl. 
C3.,ocycloalkyl-CMalkyl. C«cycloalkenyl-C,^lkyl, C3^eterocyclyl-C,^U 
C3^heterocyclyl-C(=0)-C»-4alkyl. R'R^-, R'O-, R^^^SCOV. Ce-ioaryl. C6.i«aryl- 
C(=o>, Ca-iocycloalkyl, C4^cycloalkenyl. Cj^eterocyclyl and C«heterocyclyl- 
C(=0>; wherein said Cealkyl, Cz^enyl, Q^alkynyU phenyl-Ci-ialkyl, phenyl- 
20 C(=0)-CMaIkyl, C3-iocycloalkyl-C,^lkyl. C4^cycloalkenyl-CMalkyl, 

C3.6heterocyclyl-CMaIkyl. C3.6heterocyclyl-C(=0)-Ci^lkyl, Ce-ioaryl. Ce-ioaryl- 
C(=0>, Cs-iocycloalkyl. C4^cycloalkenyl, Cj^eterocyolyl or Cs^fiheterocydyl- 
C(=0)- used in defining R' is optionally substituted by one or more groups selected 
ftom halogen, cyano. nitro, metiioxy. ethoxy, methyl, elliyl, hydroxy and R'R'^S 
25 R^ is selected from the group consisting of Ci-^^SkyU C2.<alkcnyl, 

Cs-iocycloalkyl, C3-iocycloalkyl-Ci.4alkyl, C4.«cycloalkenyl-Ci^lkyl, 
Cj^sheterocycloalkyl-CMalkyl, C4^cloalkenyl, Cj^etooaiyl. R^*^-, phenyl and 
C3^eterocycloa1kyl, wherein said Ci-salkyl, C>«alla!nyl, Cs-iooycloalkyl, 
C3.,ocycloalkyl-CMalkyl. C4^cycloalkenylX,.adkyl, Cj^sheterocycloalkyl-Ci^lkjrt, 
30 C4^cycloalkenyl. Cj-sheteroaryl, phenyl or C^eheterocycloaDcyl used m defining R^ 
is optionally substitiited by one or more groups selected tcom halogen, cyano. nitro. 
methoxy, ethoxy. metiiyl. etiiyl. hydroxy and R'R'*N-; and 

R' and K* are independentiy selected ftom -H. Ci-ealkyl and C24salkenyl. 
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3. A compound as claimed claim 1, wherein 

and R*^ are independently selected from -CF3, -CH2CF3, -CH2CHF2, 
<MFCF3. -CHFCHF2. ^CH2F. -CF^CFs, -CF2CH3, -CFzCH^F, ^aCHFj, and 
5 -CF3; 

ZisO=; 

R' is selected from C^jalkyl, C«a]kenyl. R^^-, R'R'^N-C^U R'O- 
C^lkyl. R'C(=0)N(-R^-Ci^alkyl, phenyl-C^alkyU phenyl-C(=0)-C,.4alkyl, 
CMocycloalkyl-C^alkyl, C4^cycloalkenyl-C,^alkyl, Cj^sheteiocyclyl-C^alkyl, 
10 Ca^eterocyclyl-CC^OC^lkyl, phenyl, Cj-.ocycloalkyl. Ca-eheterocyclyl and ^ 
C3^eterocyclyl-C(=0>; wherein said C^lkyl. Cz-ealkenyl, R'R-^-CwaHcyl, R'O- 
Ci.4alkyl, R3C(=0)N(-R')-CMalkyl, phenyl-Ci^lkyl, phenyl-C(=0>Ci.^l, 
C3.iocycloalkyl-Ci^alkyl, C^cycloalkenyl-C^alkyl, C3^eterocyclyl^,.,alkyl, 
C3^eteiocyclyl-C(=0)-Ci^alkyl, phenyl. C3.iocycloalkyl, CW»eterocyclyl or 
15 C3^eterocyclyl-C(=0).usedindefmingR' is optionaUy substituted by one or more 
groups selected from halogen, cyano, nitio. methoxy. eflioxy, methyl, ethyl, hydroxy 
andR^*N-; 

r2 is selected from the group consisting of Ci-ealkyl, Ca-iocycloalkyl, R'RTJ-, 
C3.,ocycloalkyl-C,^alkyl. C3-6heterocycloalkyl-C,.»alkyl,C3^eteiooycloalkyl, 
20 C3-5heteroaryl, and phenyl wherein said Ci^alkyl, Cj-iocycloalkyl, Cs-iocycloalkyl- 
CMalkyl. Ca^eterocycloaOcyl-CMalkyl, Cj^terocycloalkyl, Cj^sheteroaiyU and 
phenyl used in definmg R^ is optionaUy substituted by one or more groups selected 
fiom halogen, cyano, nitro, methoxy. ethoxy. methyl, ethyl, hydroxy and R^*N-; and 
r3 and R* are independentty selected from -H, Ci.6a!kyl and CWdkenyl. 

25 

4. A compound as claimed in claim 1, vdierein 
r" and r"^ are -CH2CF3; 
ZisO=; 

R' is selected from cyclohexylmethyl. cyclopentylmethyl. cydobutyime&yl, 
30 cyclopropyhnethyl, ethyl, propyl, adamantyl, adamantyim^yl, allyU isopentyl. 
benzyl, melhoxyethyl, tetrahydropyranyUnethyl, cyclohexyloxy, cyclohexylamino. 
dimediylaminoethyi, 4-pyridyhnethyl, 2-pyridyhnefliyl, li>yrrolylethyl, 1- 
roorpholmoethyl, cyclohexyhnethyl, 2-pyirolidyUnehtyl, N-niethyl-2- 
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pyirolidylmethyU 2.piperidylmethyl. N.methyl-2-piperiayimefliyl. 3-lhienylmethyl. 2- 
tjstrahydrofteanylmethyl, (2-mtiothiopheue-5-yl)-metti^ 
yDmethyl, (5-(acetoxyinethyl)-2-fiiryl)methyl), (2,3-dihydro-lH-isoindole-l- 
yi)metiiyl, and 5-(2-methylthia2»lyl); and 
5 r2 is selected from t-butyl, n-butyU 2-methyl-2-b«tyl. cyclohexyU 

cyclohexylmethyl, n-pentyl, isopentyl. N-piperidyl, dimethylamino, phenyl, pytidyU 
tetrahydiofuranyl, tetrahydropyranyl. 2-metfaoxy-2-propyl. andN-moipholinyl. 

5. A compound selected from 2-terr-Butyl-Hcyclohexylinethyl)-iV;2V-bis(2,2> 
10 trmuoroethyl>l//-benzimidazole-5-carboxamideandphannaceuti 

salts thereof. 

6. A coxnpound according to any one of claims 1-5 for use as a medicament 

15 7. The use ofa compound according 1» any one ofclaims 1-5 hi the manofectiiie 
of a medicament for the therapy of pain. 

8. The use of a compound accoidmg to anyone of clahns 1-5 in the manufecture 
of a medicament for tl» treatment of anxiety disorders. 

20 

9. The use of a compound accoidmg l» any one of clahns 1-5 m the mamifiicture 
of a medicament for the trealment of cancer, multiple sclerosis. Paikmson's disease. 
Huntmgton's chorea. Alzhehner's disease, gastromtestmal disorders and 
cardiavascular disorders.. 

10. A pharmaceutical composition comprismg a compound according to any one 
of claims 1-5 and a pharmaceutically acceptable carrier. - 

11. A method for the therapy ofpahi ma warm-blooded animal, comprisuig the 
30 step of admmistering to said ammal mneed of such flierapy a therapeuttcaUy effective 

amount of a compound acoordhig to any one of clahns 1-5. 

12. A method for preparing a compound of fimnula I, 



25 



I 



comprising the step of reacting a compound of fonnula H, 



with a compound of R*C(=0)-X to form the conqwund of fonraila I. 
wherein 

R^* and R*^ are independentty selected ftom -CFj, -CH2CF3, -CH2CHF2, 
10 -CHFCF3. -CHFCHF2, -CHFCH2F, -CFaCF3. -CF2CH3, -CF2CH2F, -CF2CHF2. and 
-CF3; 

Z is selected from 0= and S»; 

X is selected ftom -CI, -Br, -I, -OH, -OCH3, and -OCH2CH3; 
r' is selected ftom Ci-salkyl, Cz^jalkenyU R'R'^-CMalkyl, R^O-CMalkyl. 
15 R'C(=0)N(-R>Ci-ialkyl, phenyl-C.^alkyl, phenyl-C(=0)-Ciu;alkyl, Cj-iocycloalkyl- 
C,.M»ncyl, C4^cloalkenyl-C,.4alkyl. Ca^eterocyclyl-CMalkyU Cj^eterocyclyl- 
C(=0)-Ci-«alkyl, phenyl, Cs-iocydoalkyl, Cs^heterocyclyl and Cj^jheterocyclyl- 
C(=0)-; wherein said Ci^lkyl, C2^enyl, R^R'^-Ci^alkyl. R^O-C^alkyU 
R3C(=0)N(-RV:i-4alkyl. phenyl-CMalkyl,phenyl-C(=b)-Ci.4ancyl, Cj-iocycloalfcyl- 
20 Ci.4alkyl, C4^scycloalkenyl-CMalkyl, Cs^eteiocyclyl-CMalkyl, Ca^jheterocyclyl- 
C(=0)-Ci^kyl. phenyl. Cj-iocycloalkyl, Ca^eterocyclyl or C3^eterocyclyl-C('=0) 
used in defining R' is optionally substituted by one or more groups selected fiom 
halogen, cyano. nitro, methoxy, eflioxy, methyl, ethyl, hydroxy, and R'R'^s 

R^ is selected from the group consisting of Ci-6alkyl, C3^ycloalkyl, R'R*N-, 
25 Cj^iCycloalkyl-CMalkyl, C3^eterocycloalkyl-CMalkyU Cj^eterocycloalkyl. 
C3.5hetetoaryl, and phenyl wherein said C^jalkyl, Cs^cycloalkyl, Cj^cycloalkyl- 
C^alkyl, Cj^terocycloalkyl-CMalkyl. C3^eterocycloal3cyl, C3.sheteroaryl, and 
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phenyl used in defining is optionally substituted by one or more groups selected 
from halogen, cyano, nitro, methoxy. ethoxy, methyl, ethyl, hydroxy and amino; an< 
and R* are independendy selected from -H, Cf-eaDcyl and Qwialkenyl. 
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ABSTRACT 



Con^vmds of formula I or phaimaceutically acceptable salts thereofi 




I 

wherem R', R^ ^\ R*^ and Z are as defined in the specificationas well as salts 
pharmaceutical compositions including the compounds are prepared. They are i 
in therapy, in particular in the management of pain. 
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